S. We found previously that the current recommendations for Na + , K + , and Cl − contents in the diet do not meet the needs of lactating cows. The responses of cows receiving a ration with increased amounts of Na + , K + , and Cl − (E cows) were compared with those of cows consuming the same ration with a fixed concentration of these ions (C cows) between weeks 2 and 8 post partum (PP). Milk, protein, fat and lactose yields, and dry matter intake between weeks 2 and 4 PP were higher in E than in C cows. These differences did not occur between weeks 4 and 8 PP, mainly because of a higher incidence of PP complications in E cows. A greater increase in plasma insulin-like growth factor-1 concentration in E than in C animals during weeks 2 and 3 PP was consistent with the milk responses. A reduction in aldosterone concentration in E cows in weeks 2 and 3 PP was a consequence of their Na + requirements being satisfied as a result of their enhanced Na + intake. A subsequent elevation in aldosterone concentration in E animals was probably related to a moderate excess in K + intake. This increase in aldosterone explains the urinary potassium loss that was detected at week 6 PP. The absence of differences between E and C cows in plasma renin activity was consistent with an absence of differences in urine volume and with the apparent utilization of the enhanced ion intake for body functions.
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The balance of water, Na + , K + and Cl − in dairy cows at the onset of lactation has been studied under mild winter and hot summer Mediterranean conditions by Shalit et al. (1991) and Silanikove et al. (1997) . They found that water turnover and the output of Na + , K + and Cl − in milk and sweat increase markedly under these conditions. They also showed that at the initiation of lactation, when the increase in dry matter (DM) intake is less than that in milk yield, the current National Research Council (1989) recommendations for the content of these ions in the ration do not meet cows' needs. The situation deteriorates during the summer, because of increased loss of these ions via sweat and saliva dribbling (Collier et al. 1982) . The negative balance of Na + , K + and Cl − was associated with a marked reduction in their loss in N. S   excreta (Shalit et al. 1991 ; Silanikove et al. 1997) . The deficiency in these ions could have limited sweat secretion and hence reduced the thermoregulatory efficiency of the cows and even, perhaps, reduced their milk production (Shalit et al. 1991) .
The purpose of the present experiment was to test the hypothesis that the limited voluntary DM intake in early lactation imposes constraints on Na + , K + and Cl − supply, and to investigate whether the relaxation of such constraints would improve animal performance. This hypothesis was evaluated by comparing the response of cows receiving a ration with increased amounts of Na + , K + and Cl − with that of cows consuming the same ration with a fixed concentration of these ions. The responses compared included milk yield and composition, feed intake, water balance, kidney function, hormonal responses (aldosterone, plasma renin activity and insulin-like growth factor-1 (IGF-1)) and general blood metabolic profile.
   Animals
A trial was conducted during the summer, between August and October 1994, in Bet Dagan, Israel. At 1-2 weeks after calving Israeli Holstein cows were assigned to control (C, n l 7) and experimental (E, n l 7) treatments, according to the principle of randomized blocks on the basis of precalving age, milk yield and weight. The cows were kept in ventilated individual indoor stalls, milked three times daily at 07.00, 15.00 and 22.00, and had access to a partly shaded exercise lot for 1 h. The experiment was carried out from weeks 1 to 8 post partum (PP). Two animals from the C group and three from the E group were rejected for part or all of the experiment because of illness.
Treatments
C cows were given a total mixed ration (TMR , Table 1 ) ad lib., provided once daily at 09.00. E cows were given the same TMR together with a mixture of minerals (see below) that was mixed daily with the TMR. The mineral mixture was composed of K # CO $ , KCl, NaHCO $ and NaCl (3 : 1 : 1 : 1 by wt), supplying molar proportions of 1:3n33 : 1n66 Na + : K + :Cl − . This was similar to the ratio of these ions in the TMR, which contained (g\kg) Na + 2n3, K + 10n4, Cl − 5n8 (Table 1) . Each 30 g of the salt mixture provided the amounts of Na + , K + and Cl − contained in 1 kg TMR DM, and the daily allocation was determined according to Salt mixture (g) l (25kTMR offered (kg DM))i30.
Cows that produced 41 kg milk\d and consumed 22 kg DM\d of a typical Israeli ration were able to maintain a positive electrolyte balance (Silanikove et al. 1997) . This ration contained electrolytes " 50 % above the National Research Council (1989) recommendations. We have chosen an intake of 25 kg DM as a reference value because this is expected to be the maximal DM intake for cows yielding 40 kg milk\d with typical high-concentrate Israeli diets (Maltz et al. 1992) . The TMR allotment was 10 % above the DM intake of the previous day, but if refusals were 1n5 kg on a fresh weight basis, ration allotment was increased to 15 % above the DM intake of the previous day.
Measurements
The milk yield at each milking was automatically recorded by electronic milk meters (S. A. E. Afikim, Kibbutz Afikim 15148, Israel). Cows drank from individual drinking cups connected to electronic flow meters (precision " 1 l ; Arad Dalia Ltd, Kibbutz Dalia 19239, Israel) and the daily water intake was measured at 10.00. Relative humidity was recorded at a nearby (0n5 km) meteorological station at the same ground level. Ambient temperature, and the rectal temperatures and breathing rates of the cows were measured daily between 08.00 and 09.00 and between 13.00 and 14.00.
The following procedures were carried out once weekly. The cows were weighed, samples of milk were taken from each of the three milkings, grab samples of faeces were taken at 08.00, 15.00 and 22.00, saliva samples were taken at 13.00 by inserting a dry sponge into the mouth, and blood samples were taken from the coccygeal vein at 09.00 and 13.00. The plasma was separated and used for hormonal analysis. In addition, blood was sampled twice weekly from the coccygeal vein at 09.00 and 13.00 and the plasma was used for metabolite analysis.
Nutrient digestibility and the balance of water, Na + , K + , Cl − and N were determined and kidney function was evaluated at week 7 PP on the basis of creatinine clearance as described by Silanikove et al. (1997) . The procedures for measuring water intake and for quantitative collection of urine and faeces were similar to those described by Shalit et al. (1991) .
Assays
Plasma was analysed within 24 h of collection in an autoanalyser (Kone Supra blood analyser ; Ruukintif, FIN 3200 Espoo, Finland) in the clinical laboratory of the Kimron Veterinary Institute at Bet Dagan. The following 17 constituents were determined : Na + , K + , Ca# + , Mg# + , P, urea N, creatinine, uric acid, total bilirubin, 3-hydroxybutyric acid, cholesterol, alkaline phosphatase (EC 3.1.3.1) creatine kinase (ATP : creatinine N-phosphotransferase, EC 2.7.3.2), α-amylase (EC 3.2.1.1), lactate dehydrogenase (LDH ; EC 1.1.1.27), γ-glutamyltransferase (GGT ; EC 2.3.2.2) and aspartate aminotransferase (EC 2.6.1.1). Osmolality and Cl − concentration in plasma were determined as described previously (Shalit et al. 1991) . IGF-1 and renin were analysed with commercial radioimmunoassay kits (Incstar Corporation, Stillwater, MN 55802-0285, USA). Aldosterone was pre-extracted using a modification of the method of Roussel et al. (1983) and then analysed with a commercial radioimmunoassay kit (Coat-A-Count DPC, Los Angeles, CA 90045, USA). To 3 ml blood plasma, 21 ml dichloromethane (HPLC grade ; Sigma, Rehovot 76326, Israel) was added. The mixture was mixed vigorously in 50 ml tubes for 20 min, centrifuged at 3000 g for 10 min at room temperature, frozen for 15 min, and the dichloromethane layer decanted into a 50 ml tube. The extract was evaporated to dryness at 37 mC under flowing N # gas and reconstituted with 0n3 ml (to adjust to the kit sensitivity) of the radioimmunoassay kit matrix calibrator (aldosterone-free human plasma) for 10 min at 37 mC with periodic mixing ; a 200 µl sample of this solution was used for assay. A recovery test was carried out according to McKenzie & Clements (1974) as follows. 1,2[$H]aldosterone (Amersham International plc, Little Chalfont HP7 9NA, UK) was diluted in kit matrix calibrator to a concentration of " 200 µCi\ml and 100 µl was mixed with 2n9 ml cow plasma, incubated overnight at 37 mC in a 50 ml tube, extracted and reconstituted as described above, after which 100 µl was mixed with 3 ml liquid scintillator and counted in a β-counter. Aldosterone recovery was 91 % with a CV of 0n90. Aldosterone concentration was determined in the reconstituted plasma according to the manufacturer's instructions. The interassay CV ranged from 4 to 6n4, intra-assay CV from 3 to 4n4, parallelism (dilution with the zero calibrator) and spiking recovery (following the addition of a known amount of aldosterone calibrator) from 97 to 100 %.
Part of each of the milk samples was analysed within 48 h for protein, fat and lactose contents and somatic cell count in the Central Laboratory of the Israeli Dairy Breeders Association. The remainder of the milk samples were stored at k17 mC, and defatted before analysis by centrifugation at 22 000 g for 10 min at room temperature. Na + , K + and Cl − concentrations were measured by an inductively coupled plasma-atomic emission spectrometer (Spectro, Kleve, D-47533 Germany), and Ca# + , Mg# + and P by the automatic procedure described above for plasma samples, after appropriate dilution (1 : 5 for Mg# + , 1 : 10 for Ca# + and P). Saliva samples were centrifuged at 4000 g for 10 min at room temperature shortly after sampling, and clear samples were stored at k17 mC. Na + , K + , Cl − , Ca# + , Mg# + and P concentrations were determined as described for milk. Subsamples for Ca# + , Mg# + and P analysis were centrifuged once more at 9000 g for 10 min at room temperature, and diluted 1 : 5 in the case of P.
Feed, feed residuals and faeces and urine samples were prepared for analysis, and analysed for DM, organic matter, N, neutral detergent fibre, Na + , K + and Cl − as described previously (Shalit et al. 1991) . Urine was also analysed for urea and creatinine (Shalit et al. 1991) .
Statistical analysis
Differences were tested using the GLM procedure of SAS (1982) . For mineral balance and kidney function results, the model included treatment and individual cow effects. In the case of repeated measurements over time the model also included week and the interaction of week and treatment effects. Treatment effects were tested using cow within group within repetition as the error term. Only when the main effects were significant (P 0n05) were differences assessed, again using the GLM procedure of SAS (1982) . Least square means are presented in the text and Tables.


Body weight and dry matter, ion and water intakes
E cows consumed on average 0n8 kg DM\d more than C cows during weeks 2-8 PP (Table 2 ), the differences being significant for weeks 2-4 PP (Fig. 1 ). There were no differences between the two groups in body weight (Table 2) or changes in body weight over time (results not shown). Na + , K + , and Cl − intakes were all higher (P 0n0001) in E than C cows between weeks 2 and 8 PP, but water intakes were similar (Table 2 ). In the E cows, Na + , K + and Cl − intakes were more stable than in C cows throughout the experimental period : for example, compare the average values (Table 2 ) with the amount consumed at week 7 PP (Table 7 ). In the C cows, intake of a particular ion at week 1 PP was 25 % lower than at week 7 PP (Table 7) , and the changes in between directly reflected the changes in feed intake.
Ambient conditions, body temperature and respiration rate
Relative humidity ranged from 60 to 65 % throughout the trial. Average ambient temperatures during the trial were (meanp) 26n9p0n2 mC in the morning and 29n6p0n4 mC at midday. Body temperatures did not differ between the two groups and were higher between 13.00 and 14.00 than in the morning (39n0p0n1 v. 38n5p0n1 mC, P 0n05). Breathing rate did not differ between the two groups and was higher between 13.00 and 14.00 than in the morning (65p6 v. 35p7\min, P 0n05).
Milk, fat, protein and lactose yields
Milk yield was on average 2n5 l\d higher (P 0n05) in E than in C cows (Table 3 ) between weeks 2 and 4 PP. Milk lactose concentration was 27 % higher (P 0n01) for E than for C cows between weeks 2 and 8 PP. Between weeks 2 and 4 PP, fat, protein and lactose yields were respectively 94, 86 and 187 g\d higher (P 0n05) for E than for C cows (Table 3) .
Mineral concentrations in blood plasma, saliva, faeces and milk
E and C cows had similar plasma concentrations of K + , Ca# + , Mg# + and P (Table  4) . There were no differences in the concentrations of any of the individual ions in the milk from E and C cows. However, the sum of Na + , K + and Cl − concentrations in milk were lower (P 0n05) for E than for C cows, Cl − being the main contributor (Table  4) . E cows had a higher (P 0n05) Na : K ratio in their saliva. There were no differences between the two groups in ion concentrations in faeces (Table 4) .
Hormonal response
IGF-1 concentrations increased with time, and in weeks 2 and 3 PP they were higher (P 0n05 and P 0n01 respectively) in E than in C cows (Fig. 2 a) . Aldosterone concentrations increased with time in both groups, and during weeks 2 and 3 PP were lower in E than in C cows (Fig. 2 b) . The average plasma renin level was 0n22 ng angiotensin\ml per h in both groups, and it did not change throughout the experiment.
Enzymes and metabolites in plasma
On average, none of the measured enzymes and metabolites differed between the two groups between weeks 2 and 8 PP (Table 5 ). The activities of LDH, GGT, aspartate aminotranferase and alkaline phosphatase, and the concentrations of total protein globulin, 3-hydroxybutyric acid, creatinine and cholesterol increased significantly with time (Table 5 ). The activities of LDH and GGT and the Milk, m Na+ 14n9 1 8 n 1 0 n 8 N S K + 43n1 4 3 n 2 0 n 5 N S Cl− 28n5 3 4 n 1 0 n 8 0 n 06 Na+jK+jCl− 86n6 9 5 n 5 1 n 5 0 n 05 Ca#+ 14n2 1 4 n 3 0 n 2 N S Mg#+ 2n8 2 n 9 0 n 2 N S P 1 n 2 1 n 1 0 n 1 N S concentrations of creatinine and cholesterol were higher in E than in C cows between weeks 2 and 4 PP.
Digestibility and water, ion and nitrogen balance
The digestibilities of DM (730 g\kg), organic matter (750 g\kg), crude protein (700 g\kg) and neutral detergent fibre (64n5 g\kg) at week 7 PP were very similar in both groups. None of the components of the water balance differed between E and C (Table 6 ).
In both E and C cows, respiratory and cutaneous water (RCW) loss, milk water, faecal water and urine water accounted on average for 39, 26n5, 21n5 and 13 % respectively of the total water intake (" 110 kg\d).
The intakes of Na + , K + and Cl − were higher (P 0n001) in E than in C cows at week 7 PP (Table 7) . Urine excretion was the major avenue for ion losses in both groups, and ion losses via urine were significantly higher in E than in C animals ( Table 7) . Ion excretion in milk was the second largest component in ion losses. There were no differences between E and C cows in the amount of milk and faecal ion output. E cows had higher retentions (P 0n05) of Na + , K + and Cl − than C cows (Table 7) .
All the components of N balance were similar in both groups (Table 8) . Output of N via urine and milk accounted for " 30 % of the intake. Protein retention was " 250 g\d in both groups. Values were significantly higher in high-electrolyte than in control cows : * P 0n05, ** P 0n01, *** P 0n001. 
Kidney function
Kidney function was assessed at week 7 PP (Table 9 ). There were no statistical differences between E and C cows in glomerular filtration rate or urine flow. The creatinine urine : plasma concentration ratio was lower in E than in C animals, reflecting a combination of tendencies for higher urine flows, lower urine creatinine concentrations and higher plasma creatinine concentrations in E compared with C cows (Table 9) .
There were no differences between the two groups in plasma and urine urea concentrations (Table 10 ). Urea filtration was higher (P 0n05) in E than in C cows but because urea reabsorption was lower (P 0n05) in E cows total urea excretion was similar in the two groups. This was reflected by a lower reabsorption : filtration ratio in the E cows (P 0n05).
The higher excretion of K + in E cows was the result of a reduction in tubular reabsorption (Table 10 ). This also seemed to be the case for Na + and Cl − , but for Na + only the urine : plasma ratio and the reabsorption : filtration ratio reached significance (P 0n05). The excretion of Cl − was also significantly higher (P 0n05) in E cows (Table 10 ). The reabsorption : filtration ratio for K + became negative, indicating active secretion of the ion into the tubules. The reciprocity between the changes in urea reabsorption and concentration and in ion reabsorption and concentration resulted in similar total urine osmolality. However, a slight diuresis in E cows was reflected by a reduction (P 0n05) in total osmolar reabsorption and a reduction (P 0n05) in osmolar reabsorption : filtration ratio (Table 10) .

Ion balance : physiological and nutritional implications
There has been much concern in recent years about the effect of the cation-anion difference (Na + jK + kCl − ) in the diet of dairy cows on their acid-base balance and, in turn, on their milk yield (West et al. 1991 ; Sanchez et al. 1994 a, b) . In the present experiment, the cation-anion differences in the diets of E and C cows were similar ("j30 mequiv.\kg DM), and probably did not affect the acid-base balance of the two groups. A value of j38 mequiv.\kg DM has been suggested as optimal, but a small effect on milk production in the range j25 to j50 mequiv.\kg DM has been reported (Sanchez et al. 1994 b) . Thus, the cation-anion difference in the present experiment was within the range considered optimal for milk yield. Indeed, empirical calculations from the results of Schneider et al. (1986) suggest that " 60 % of the improvement in fat-corrected milk yield could be attributed solely to the addition of Na + in the form of either NaCl or NaHCO $ . The addition of dietary buffers such as NaHCO $ , KHCO $ , sodium sesquicarbonate and Na # CO $ to high-concentrate, restricted-forage diets during early lactation has often been reported to improve feed intake, milk yield, milk fat and protein content (Erdman, 1988) . These improvements have hitherto been related to an improvement in the buffering capacity of the rumen fluid, resulting in higher digestibility of the roughage component in the diet. However, the addition of dietary buffers in the present experiment did not affect neutral detergent fibre digestibility, suggesting that different mechanisms were responsible for the improvements in feed intake and in milk yield in E cows.
The large increase in ion intake did not induce any changes in plasma ion concentrations, but it did affect ion concentrations in the secretory (saliva and milk) and excretory (urine) routes. These results are consistent with those of Belibasakis & Triantos (1991) , who found no effect on various blood components of sodium carbonate supplementation during early lactation. The lower milk ion excretion in E than in C animals is more likely to be related to changes in lactose metabolism than to a direct effect of ion supplementation.
In Na + -deficient ruminants, there is a replacement of Na + with K + in saliva, causing a reduction in the Na + :K + ratio (Underwood, 1981) . Thus, the rise in the Na + :K + ratio and a trend toward a rise in salivary Na + supports the conclusion that the C cows were Na + -deficient. In fact, the Na + :K + ratio in E cows was consistent with the Underwood (1981) criteria for adequate Na + supply, whereas that of the C cows was consistent with the criteria for inadequate Na + supply without clinical signs.
The trend toward an increase in urinary ion concentrations and the significant increase in ion excretion suggest that ion intakes in the E cows at week 7 PP was in excess of requirements. However, the fact that the much higher ion intakes in E did not induce diuresis and activation of the renin system suggests that the excess was moderate (Maltz & Silanikove, 1996) . Thus the higher ion retentions in E than in C cows suggests that these ions were used to compensate for losses in sweat, saliva dribbling and depletion of body stores. The need of the cows for a particular ion could be roughly estimated as the differences in ion retention between the two groups divided by the apparent absorption. Accordingly, requirements were higher than retention for the C cows by (mmol\d) 647 for K + , 416 for Cl − and 343 for Na + . These could be provided by increasing the concentrations of K + , Cl − and Na + in the diet to 12, 7 and 3n3 g\kg respectively. The greatest increase needed was in K + , which is consistent with its dominance in sweat secretion (Johnson, 1970 ; Jenkinson & Mabon, 1973) . Dietary ion requirements as proportions of the diet are likely to be even higher in early lactation, when milk yields are already high but feed intake not yet increased as much as in later lactation. Greater heat stress and higher milk yields than those that characterized the present experiment would further increase dietary ion requirements (Shalit et al. 1991 ; Silanikove et al. 1997) .
Water turnover and thermoregulation
The main factors that influence free water intake and water turnover in cattle are DM intake, milk yield and RCW loss (Murphy, 1992 ; Maltz et al. 1994 ; Silanikove et al. 1997) . Maltz et al. (1994) and Silanikove et al. (1997) demonstrated that the milk free water balance (water turnover ratekwater excreted in milk) could be predicted for both dry and lactating cows by an equation that includes digestible energy intake and RCW loss as dependent variables (n l 33, R# l 0n96, P 0n0001) and discussed its physiological basis. The predicted RCW losses for the conditions of the present experiment, according to eqn (2) in Silanikove et al. (1997) , were (l\d) 44n5 for E cows and 42n2 for C cows, in excellent agreement with the values calculated from the water balance results. The lack of differences between the two groups in RCW loss is consistent with the absence of differences in DM intake, digestible energy intake and milk yield at week 7 PP.
RCW loss has previously been measured under summer (Shalit et al. 1991 ) and winter (Silanikove et al. 1997 ) Mediterranean conditions at 7 weeks PP. The RCW losses in the present experiment were 31 l\d lower than those reported by Shalit et al. (1991) . These differences are consistent with the lower milk yield (by 4 l\d) and lower rectal body temperature at noon (38n4 v. 39n4 mC). In the experiment of Shalit et al. (1991) , it was suggested that lack of ion availability was most probably a ratelimiting factor in the ability of the cows to sweat. One of the purposes of the present experiment was to test this hypothesis. However, ion supplementation did not improve the thermoregulatory response in E cows, probably because internal and external heat loads were modest. Silanikove et al. (1997) suggested that ion deficiency may still be a rate-limiting factor for milk production, and this possibility was supported by the present results.
Kidney function
Recently it was concluded that the maximal urinary concentrating capacity (osmotically fixed ceiling) of dairy cows is " 1000 mosmol\kg, and that the kidney function of cows exhibits a classic interdependence mechanism (Maltz & Silanikove, 1996) . Interdependence refers to an inversely proportional relationship between urea and non-urea solutes in the formation of maximally concentrated urine. Such a mechanism is consistent with the present results for several reasons. Firstly, the increases in ion load and ion excretion did not affect urine osmolality. Secondly, the increase in ion concentration and reduction in ion tubular reabsorption were associated with an equivalent increase in urea concentration and reduction in urea tubular reabsorption. Thirdly, the reduction in the urine : plasma ratio of creatinine, together with the increase in urine volume in E cows, was consistent with the expected response of such a mechanism when the kidney maximum excretion capacity is moderately exceeded (Maltz & Silanikove, 1996) . The negative reabsorption : filtration ratio for K + in E cows was consistent with the conclusion that there is a capacity for active secretion of K + in the nephrons of cattle (Maltz & Silanikove, 1996) . Thus, as suggested previously (Maltz & Silanikove, 1996) , a moderate excess of K + did not induce copious urine production. The present results further sustain the conclusion that, during summer, the reabsorption of ions by the kidney increases to retain water in the body (Maltz & Silanikove, 1996 ; Silanikove et al. 1997) . The increase in maximal concentrating capacity of urine from " 900 mosmol\kg in the winter (Silanikove et al. 1997) to " 1100 mosmol\kg in the summer (Shalit et al. 1991 and the present results) is an adaptive response that allows the cows to lose less water when excreting urea.
Lactose and ions in milk
Milk is isotonic with respect to the blood ; lactose contributes " 60 % of its osmolality and Na + , K + and Cl − most of the rest (Peaker, 1977) . The increase in lactose concentration by " 8 m in E compared with C cows was consistent with the results of Chiy & Phillips (1991) and Chiy et al. (1993) and with the observed 8n6 m reduction in the sum of the concentrations of Na + , K + and Cl − . The increase in milk lactose concentration in the E cows is needed for osmotic equilibration with systemic fluid, and could have been provided by their higher energy intake at weeks 2-4 PP.
Hormonal and metabolite responses
IGF-1 is implicated in galactopoiesis (McGuire et al. 1995) and so the larger increase in IGF-1 concentrations in E than in C cows during weeks 2 and 3 PP is consistent with the higher yields of milk, fat, protein and lactose in E cows between weeks 1 and 4 PP. The increase with time in the plasma activities of LDH, GGT, aspartate aminotranferase and 3-hydroxybutyric acid and in the concentrations of plasma cholesterol most probably reflected a parallel increase in liver activity, and the increases in plasma concentrations of total protein, globulin and creatinine reflected an increase in protein metabolism. The higher activity of LDH and GGT and the higher concentrations of cholesterol and creatinine in E than in C cows between weeks 2 and 4 PP probably reflected a greater activity of the liver in the E cows. This is consistent with higher DM intakes and IGF-1 levels during this period.
Aldosterone controls Na + balance by increasing its retention when Na + is deficient, and K + balance by increasing urinary secretion when there is a need to excrete a K + load (Blair-West et al. 1970) . Thus, the reduction in aldosterone concentrations in E cows during weeks 2 and 3 is consistent with adjustment of Na + requirements by the enhanced Na + intake in this group. The subsequent elevation in aldosterone concentrations in E cows was most probably related to the increased K + intake and excretion detected at week 7 PP.
Angiotensin II, a product of plasma renin, activates the secretion of aldosterone (Young, 1988) . Within the kidney itself, angiotensin II has the potential to regulate both haemodynamic and tubular functions (Blair-West et al. 1970) . Thus, the lack of difference in plasma renin activity between the two groups is consistent with absence of any differences between the two groups in glomerular filtration rate, urine flow and aldosterone during week 7 PP.
In conclusion, we suggest that current nutritional practices impose ion deficiencies in dairy cows in early lactation. Relaxation of such constraints improves the ion status of the cow, and may increase DM intake and milk yield. Improvements in ion balance may explain some of the well known positive responses of cows to the addition of buffers to their diet. This series of investigations (Shalit et al. 1991 ; Silanikove et al. 1997 and the present experiment) demonstrates the need to quantify ion losses via sweat and their relationship with sweating rate and ion status. This information is essential to determine whether, and at what stage, ion supply becomes a rate limiting factor in the capacity of cows to sweat and maintain homeothermia.

